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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ink jet head in which 
manufacturing cost can be reduced as compared with a conventional one 
SOLUTION: An ink jet head comprises a laminate PZT 303 of individual 
electrodes 401, green sheets 402 and common electrodes 403 and ink is 
jetted from an ink channel 307 through distortion of the green sheet 402 
when a voltage is applied between the electrodes. The ink jet head has a 
plurality of parts to be distorted in one green sheet 402 wherein the 
individual electrodes 401 and the common electrodes 403 are laminated 
only on the parts of a sheet-like piezoelectic element corresponding to 
the parts to be distorted thus forming air gaps 405. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



Claim 11 The laminating piezoelectric device to which the laminating of two or more electrode layers and the 
Piezoelectric device of the shape of two or more sheet was carried out is included. It is the ink-jet head which makes 
the ink in a predetermined container breathe out based on distortion of the piezoelectric device of the shape ot an 
aforementioned sheet produced by producing the potential difference among two or more aforementioned electrode 
lavers It is the ink-jet head characterized by carrying out the laminating of two or more implications and the 
aforementioned electrode layer only corresponding to the portion from which the aforementioned distortion of the 
piezoelectric device of the shape of an aforementioned sheet arises in the position mutually separated in the portion 
which the aforementioned distortion produces by one piezoelectric device of the shape of an aforementioned sheet. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the ink-jet head containing a 

laminating piezoelectric device about the print head of an ink-jet method. 

[0002] 

[Description of the Prior Art] Conventionally, what used the piezoelectric device (PZT) for the print head of an ink jet 
printer is known. In such a print head, the pulse voltage according to image data is impressed to a piezoelectric device, 
the ink in a predetermined container (ink channel) is pressurized by distortion of the piezoelectric device produced by 
impression of a pulse voltage, and ink drops fly toward a record sheet from the nozzle prepared in the ink channel. On 
a record sheet, the picture based on the image data transmitted from a personal computer etc. is formed of flight of 
these ink drops. 

[0003] Two or more ink channels are prepared, and ink drops fly from each of an ink channel, and the laminating of 
the sheet-like piezoelectric device is carried out to a print head, and it is used for the above print heads. After it 
impressed voltage to each ink channel individually, the laminating of sheet-like a piezoelectric device and an electrode 
is usually carried out in order to make the force produced in each laminating piezoelectric device act on a 
corresponding ink channel certainly, and in order to obtain two or more laminating piezoelectric devices simple, and a 
thermal bond, sintering, etc. are carried out, two or more laminating piezoelectric devices prepared in such a print head 
are obtained when individually cut by dicers (or wire saw etc.). 

[0004] Drawing_9 is the cross section of such a conventional ink-jet head. In case the conventional ink-jet head is 
manufactured, the piezoelectric device of the monolayer of the tabular which was united including PZT201 and the 
PZT pillar section 202, or a laminating is first fixed by adhesives on a substrate 208, next PZT201 and the PZT pillar 
section 202 are divided by the dicer etc., and the separate slots 203 and 204 are formed. 

[0005] The voltage according to image data is impressed to divided PZT201 between the individual electrode 212 and 
the common electrode 213, and the distortion according to this arises in PZT201 . A diaphragm 202 is pushed in the 
direction of arrow A by this distortion, and the ink in the ink channel 207 serves as ink drops from a nozzle 205, and 
flies toward a record sheet. 
[0006] 

[Problem(s) to be Solved by the Invention] However, according to the cut by these dicers of a laminating (or 

monolayer) piezoelectric device etc., it is divided into a piezoelectric device, and a crease arises, and the yield falls 

remarkably, and, as for processing by the dicer etc., generally, a production cost starts very much. 

[0007] Made in order that this invention might solve these troubles [ like ], the purpose is offering the ink-jet head 

which can reduce a production cost conventionally. 

[0008] 

[Means for Solving the Problem] Invention according to claim 1 is an ink-jet head which makes the ink in a 
predetermined container breathe out based on distortion of the piezoelectric device of the shape of a sheet produced 
when two or more electrode layers and the piezoelectric device of the shape of two or more sheet produce the potential 
difference among two or more electrode layers including the laminating piezoelectric device by which the laminating 
was carried out. 

[0009] It is characterized by carrying out the laminating of two or more implications and the electrode layer only 
corresponding to the portion which distortion of a sheet-like piezoelectric device produces in the position mutually 
separated in the portion which, as for this ink-jet head, distortion produces in one sheet-like piezoelectric device. 
[0010] According to invention according to claim 1, two or more portions which distortion produces in one sheet-like 
piezoelectric device are contained in the position separated mutually, and the laminating of the electrode layer is 
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carried out only corresponding to the portion which distortion of a sheet-like piezoelectric device produces. It becomes 
unnecessary to cut a piezoelectric device by the dicer etc. like the conventional ink-jet head by this, the yield can be 
raised, and a production cost can be reduced. 
[0011] 

[Embodiments of the Invention] Hereafter, the ink-jet head which is the form of operation of this invention is 
explained, referring to a drawing. 

[0012] Drawing! is the perspective diagram showing the outline composition of the ink jet printer 1 which has the ink- 
jet head 3 which is the gestalt of operation of the 1st of this invention. 

[0013] The ink jet printer 1 contains the ink-jet head 3 which is a print head of an ink-jet method which prints to the 
record sheet 2 which are record media, such as a form and an OHP sheet, the carriage 4 driven by the motor which 
does not hold and illustrate the ink-jet head 3, the rocking shafts 5 and 6 for carrying out both- way movement of the 
carriage 4 in parallel with the recording surface of a record sheet 2, and the idle pulleys 7 and 8 for changing rotation 
of a motor into reciprocating movement of carriage 4 and a timing belt 9. 

[0014] Moreover, the ink jet printer 1 contains the platen 17 which forms the Records Department, and the discharge 
roller 1 8 which discharges the record sheet which finished record by rotating with the medium tray 10 for feeding 
paper to a record sheet 2, and the gearings 12-15 which drive with a drive motor 11, serving as the delivery roller 16 
which conveys a record sheet 2, and the guide plate to which it shows a record sheet 2 in accordance with a 
conveyance path, and countering with the ink-jet head 3. 

[001 5] A piezoelectric device (PZT) is used for the ink-jet head 3 as a source of energy generation for ink flight. 
Voltage is impressed to a piezoelectric device and distortion arises. This distortion changes the capacity of the channel 
filled with ink. Ink is breathed out from the nozzle prepared in the channel by change of the capacity of this channel, 
and record to a record sheet 2 is performed. 

[0016] Carriage 4 carries out horizontal scanning of the record sheet 2 to a longitudinal direction in accordance with 
the rocking shafts 5 and 6 by the motor, idle pulleys 7 and 8, and the timing belt 9, and the ink-jet head 3 attached in 
carriage 4 records the picture for one line. Whenever record for one line finishes, vertical scanning of the record sheet 
2 to which paper is fed from a medium tray 10 is carried out to lengthwise with a drive motor 11, gearings 12-15, and 
the delivery roller 16, and the following line is recorded. 

[0017] It does in this way at a record sheet 2, a picture is recorded, and the record sheet 2 which passed through the 
Records Department is discharged with the discharge roller 18 arranged at the conveyance direction downstream. 
[001 8] Next, the composition and operation of the ink-jet head 3 are explained using drawing 2 - drawing 4 . 
[0019] Drawing 2 is a cross section in the field to the main scanning direction containing the nozzle 305 of the ink-jet 
head 3, and drawing i is the III-III line cross section of drawing 2 . 

[0020] As shown in drawing 2 , the ink-jet head 3 has the composition of having put a nozzle plate 301, a diaphragm 
302, PZT303, and the substrate 304 on one. 

[0021] A nozzle plate 301 consists of a metal or a ceramic, has a nozzle 305, and has a ** ink layer in a front face. The 
light-gage film is used for the diaphragm 302, and it is fixed between a nozzle plate 301 and PZT303. 
[0022] Moreover, between the nozzle plate 301 and the diaphragm 302, the ink inlet 309 which connects with the ink 
supply room 308 two or more ink channels 307 with which ink 306 is held, and each ink channel 307 is formed. The 
ink supply room 308 is connected to the ink cartridge which is not illustrated, and the ink 306 in the ink supply room 
308 is supplied to the ink channel 307. 

[0023] The individual electrode side wiring section 312 which is connected to a driver circuit 310 through the flexible 
wiring 3 1 1 , and is individually connected to two or more PZT303 in the ink-jet head 3 is formed in the field which 
touches the diaphragm 302 of PZT303, and the common electrode side wiring section 313 which is connected to a 
ground and connected common to two or more PZT303 in the ink-jet head 3 is formed on a substrate 304. This 
individual electrode side wiring section 312 is connected to the individual electrode 401 (refer to drawing 3 ) in 
PZT303, and the common electrode side wiring section 313 is connected to the common electrode 403 (refer to 
drawing 3 ) in PZT303 . 

[0024] As shown in drawin g^ , PZT303 is formed by [ of the individual electrode 401 a green sheet 402, the common 
electrode 403, a green sheet 402, and - ] piling up by turns in order. (Although not distinguished especially in drawing, 
an individual electrode and a common electrode shall be piled up by turns) It is here, and to the green sheet 402 of each 
class being used over two or more ink channels 307, the laminating of the individual electrode 402 and the common 
electrode 403 is carried out only to the portion corresponding to an ink channel, and an opening 405 is formed in inter- 
electrode [ of each class ]. 

[0025] Operation of these ink-jet heads [ like ] 3 is explained. Drawing 4 is drawing for explaining operation of the 
ink-jet head 3. 
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[00261 With the ink-jet head 3, the predetermined voltage corresponding to image data is impressed by the mechanical 
component 400 prepared in the PZT303 interior, and a mechanical component 400 deforms in the direction which 
pushes the ink channel 307. The ink 306 in the ink channel 307 is pressurized by deformation of a mechanical 
component 400, and the ink drops 450 fly toward a record sheet 2 (refer to drawing 1 ) through a nozzle 305 
[00271 on the occasion of deformation by distortion of a mechanical component (actuator) 400 the propagation 
(linkage variation rate) of the variation rate to the mechanical component which adjoins a mechanical component 400 
by this opening 405 eases --having --linkage -a variation rate decreases ^^KvAp 
[00281 A production cost can be reduced without it becoming unnecessary to cut a piezoelectric device ^PZT) by the 
dicer etc like the conventional (for it to have explained using drawing 9 ) ink-jet head by using such PZT303, and the 
yield falling by generating of the crack of the piezoelectric device by cut, a crease, etc. 

[00291 Then by conducting the experiment which measures the effective displacement volume (it is the volume of the 
ink channel which decreases by deformation of PZT303, and considers as the volume of the ink channel after volume- 
SrfoZSon of L ink channel before deformation) of an ink channel, and the INKUDOROPPU volume breathed out 
examines the width of face of an opening under fixed conditions, changing the width of face of the opening section 
(opening 405 of drawing 3 ). 

[00301 This experiment was conducted under the following conditions. 

Pitch of a channel: 282 micrometers (it is equivalent to 90dpi) , .... .. . ftV . 

a green sheet - much more thickness 2.0mm applied-voltage: - 100V (10 microseconds of build up time from ^0V to 
100V 20 microseconds of duration of the amplitude of 100V, 150 microseconds of falling time from 100V to 0V 
pulse'voltage of 5kHz of drive frequencies) - the property of PZT used for the expenment is as follows again : The 
number of laminatings of 50-micrometer green sheet: Thickness of a 20-layer electrode: The length of 3 -micrometer 
ink channel : 

Young's modulus =8800kgf/mm2 of a Young's modulus E=6000kgf/mm2 piezoelectric-constant d33=500xl0-12 m/V 
piezoelectric-constant d31 =-240x1 0-1 2 m/V electrode - under the above conditions The width of face of the opening 
section is changed with 0 micrometer (the opening section does not exist), 82 micrometers, 141 micrometers, and 200 
mSometers (it considers as conditions 0, 1, 2, and 3, respectively), and effective displacement volume and ink drops 
volume are measured. [Table 1] shows the result of this measurement. 
[00321 
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m0331 Here, one side push means that the mechanical component which gives a variation rate to an ink channel exists 
only in one ide of an ink channel (with the ink-jet head of the gestalt of the 2nd operation, it is considering as double- 
sMed push). Moreover, the 'mechanical component' among the columns of front Naka shown as displacement volume 
Deformation of the ink channel corresponding to the mechanical component for making ink drops breathe out is 
expressed 'Next door CH' The deformation to which the ink channel corresponding to the mechanical component 
Xh adjoins the mechanical component for making ink drops breathe out decreases is expressed 'Influence on a next 
lor' A value is 'a next door CH. It is a 'mechanical component' about a value. It breaks by the value and the influence 
on the ink channel corresponding to the mechanical component which expresses and adjoins each other by percentage 

foSq leading to Table 1 , with the ink-jet head used for the experiment, it turns out mat about 55% of placement 
volume is ink drops volume. Moreover, deformation (value of the column of 'the one side push next door CH ) of the 
mk^annel corresponding to an adjacent mechanical component serves as negative, and the volume of the ink channel 
corresponding to an adjacent mechanical component increases it. 

roESnS Nation of [Table 1] is expressed with a graph. Drawing 5. is drawing showing the relation between the 
width of fa« fof the opening section obtained by this experiment, and effective displacement volume and ink drops 
vonte taS (a^dfawing showing the relation between the width efface of the opening section, and effective 
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displacement volume, and drawing 5 (b) is drawing showing the relation between the width of face of the opening 

section, and ink drops volume. . 

[0036] Deformation of the ink channel of a mechanical component increases and deformation of the ink channel 

corresponding to an adjacent mechanical component decreases, so that width of face of the opening section is enlarged, 

as shown in drawing 5 (a). Moreover, although it increases, more than in this, ink drops volume is not concerned with 

Ihe width of face of the opening section, but as shown in drawing^ (b), ink drops volume becomes almost fixed and is 

stabilized by it, so that about 1 50 micrometers enlarges width of face of the opening section. 

[0037] although about (the width of face of the opening section at this time is 50mm) 10 pis of ink drops volume are 

required also of the minimum in order to stabilize ink drops and to fly especially, when the opening section does not 

exist, ink drops volume is about 8 pl(s), and is ink in a nozzle side easily -- a ball is formed, it can be stabilized and ink 

drops cannot be made to fly 

[0038] As mentioned above, with the above ink-jet heads, when setting width of face of the opemng section to 150 
micrometers or more, it turns out that a good effect is acquired especially. 

[0039] Next, the ink-jet head which is the form of operation of the 2nd of this invention is explained. 
[0040] Drawin g 6 is a cross section in the field to the main scanning direction containing the nozzle of the ink-jet head 
of the form of the 2nd operation, and drawing 7 is the VII-VII line cross section of drawing 6 . Drawing 6 and drawing 
7 correspond to drawing 2 of the ink-jet head 3 of the form of the 1 st operation, and drawing.3 , respectively. 
Moreover, the whole ink jet printer composition in which the ink-jet head of the form of the 2nd operation is prepared 
shall apply to the ink-jet head of the form of the 1 st operation. 

[0041] As shown in drawing 6 , with this ink-jet head, the predetermined voltage corresponding to image data is 
impressed between the individual electrode side wiring section 512 and the common electrode side wiring sections 
513a and 513b, and it deforms in the direction in which PZT(s) 503a and 503b push Diaphragms 502a and 502b 
according to this, respectively. Deformation of PZT(s) 503a and 503b is told to Diaphragms 502a and 502b, and when 
Diaphragms 502a and 502b pressurize the ink channel 507 from vertical both sides, ink drops fly toward a record sheet 
2 (refer to drawingJJ through a nozzle 505. 

[0042] Moreover, as shown in drawing 7 , the mechanical component 600 in PZT503a and 503b is lormed by L ot the 
individual electrode 551, a green sheet 552, the common electrode 553, a green sheet 552, and ~ ] piling up by ^ turns in 
order. (Although not distinguished especially in drawing, an individual electrode and a common electrode shall be 
piled up by turns) It is here, and to the green sheet 552 of each class being used over two or more ink channels 507, the 
laminating of the individual electrode 551 and the common electrode 553 is carried out only to the portion 
corresponding to an ink channel, and an opening 555 is formed in inter-electrode [ of each class ] . 
[0043] on the occasion of deformation by distortion of mechanical-component 600 **, the propagation (linkage 
variation rate) of the variation rate produced in the mechanical component 600 which adjoins a mechanical component 
600 by this opening 555 eases ~ having ~ linkage ~ a variation rate decreases 

[0044] A production cost can be reduced without it becoming unnecessary to cut a piezoelectric device (PZT) by the 
dicer etc. like the conventional (for it to have explained using drawing.9 ) ink-jet head like the ink-jet head of the form 
of the 1st operation, and the yield falling by generating of the crack of the piezoelectric device by cut, a crease, etc. by 
using such PZT(s) 503a and 503b. . 
[0045] Then, by conducting the experiment which measures the effective displacement volume of an ink channel and 
the ink drops volume breathed out examines the width of face of an opening under fixed conditions like the ink-jet 
head of the form of the 1st operation, changing the width of face of the opening section (opening 555 ofdrawingj ). 
[0046] Let the composition of an ink channel, the property of PZT, width of face of the opening section to change, etc. 
be the same things as an experiment with the ink-jet head of the form of the 1st operation of a **** in this experiment. 
[Table 2] shows the result of this measurement. 
[0047] 
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[00481 with double-sided push, the mechanical component which gives a variation rate to an ink channel exists in both 
sides of an ink channel here - meaning - moreover, a 'mechanical component 1 , 'a next door CH 1 and 'the influence on 
a next door' etc. -- it is the same as that of an experiment with the ink-jet head of the form of the 1st operation 
r0 0491 The relation of [Table 2] is expressed with a graph. Drawing_8 is drawing showing the relation between the 
width of face of the opening section obtained by this experiment, and effective displacement volume and ink drops 
volume Drawing 8 (a) is drawing showing the relation between the width of face of the opening section, and effective 
displacement volume, and drawing 8 (b) is drawing showing the relation between the width efface of the opening 

section, and ink drops volume. n , .■ n 

r00501 So that width of face of the opening section is enlarged, as shown in drawing 8 (a) and [Table 2] Deformation 
of the ink channel corresponding to the mechanical component which deformation of the ink channel of a mechanical 
component increases and adjoins each other, The influence on the ink channel corresponding to an adjacent mechanical 
component decreases (that deformation of the ink channel corresponding to an adjacent mechanical component is 
large) It turns out that such a good result is shown that width of face of the opening section is enlarged since it means 
that ink drops may fly from the ink channel corresponding to an adjacent mechanical component. Moreover, as shown 
in drawing 8 (b), it turns out that ink drops volume takes maximum at the time of conditions 2 (width ot tace ot an 

opening : 141 micrometers). „..,.. , T 

[00511 Furthermore, since an ink channel is pressed from vertical both sides with this ink-jet head, Loss of the pressure 
bv the variation rate of the ink channel itself is almost lost. Compared with the case of one side push like the ink-jet 
head of the form of the 1st operation, a value with big effective displacement volume and ink drops volume is taken, 
and ink drops volume is always 10 or more pis, even if it changes the width of face of the opening section, and it turns 
out that ink drops are stabilized and it flies. . t 

[0052] As mentioned above, with the above ink-jet heads, when setting width of face of the opening section to 100-200 
micrometers, it turns out that a good effect is acquired. 
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